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It is generally accepted that the stratum corneum (SC) is the 
least permeable layer of the epidermis. Histologically, 
though, the SC is a non-uniform, inhomogeneous mem-
brane, and the question "Is barrier function distributed uni-
fo~y across the SC thickness?" has been posed. To address 
this Issue, human ventral forearm SC has been studied in vivo 
by attenuated-total-reflectance Fourier-transform infrared 
spectroscopy during the course of sequential tape-stripping. 
Becaus.e the intercellular lipids of the SC and the degree of 
hydratlOn of the membrane have been shown to be crucial 
determinants of barrier function, attention has been focused 
on the spectral features, which report specifically on these 
parameters. The degree of disorder of the SC intercellular 
lipids has been found to decrease over the outer cell layers (up 
to three tape-strips) and then to remain essentially constant. 
The a~ount of lipids decreases similarly such that a 60% 
reductIon (relative to the "no-strip" baseline) is observed 
I t is now established that the stratum corneum (SC) is the least permeable layer of mammalian skin [1-4]. This thin, outer-most membrane is a formidable barrier to transepidermal water loss and to the percutaneous absorption of topically applied drugs. The SC is typically 10-20-,um thick and is 
often schematically represented as a brick wall [4-6]. The termi-
nally differentiated, keratin-filled corneocytes are the "bricks," 
while the lamellar, intercellular lipid domains represent the "mor-
tar." That the properties of the brick wall are not uniform through-
OUt its thickness is obvious from a number of simple observations. 
For example, the continuous turnover of the cells of the skin means 
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after about four tape-strips . A plausible explanation for these 
measurements is that the lipids near the surface are a mixture 
of (a) "true" intercellular lipid (which is expected to be 
highly ordered), and (b) sebaceous lipid (which contains 
much greater amounts of low-melting components, such as 
fatty acids). The sequential infrared (IR) spectra provide at 
least circumstantial evidence to support this hypothesis. As 
expected, the IR spectra show that SC hydration increases 
from the surface towards the SC-stratum granulosum inter-
face. Taken together, the results imply that the SC is indeed 
non-uniform. The properties of the outer layers (those re-
moved by the first 3 - 4 tape-strips) change significantly with 
increasing depth. Subsequently accessed layers (those re-
vealed by tape-strips 5 through 14) imply that this deeper part 
of the barrier is relatively consistent throughout its thickness, 
with no evidence for a single, particularly resistant, compo-
nent.] Invest DermatoI95:403-408, 1990 
that, on average, the SC sloughs a layer of corneocytes per day; it is 
difficult to reconcile this desquamation process with the argument 
that the SC properties are essentially invariant with depth. Lipid 
metabolism within the SC has been documented [7 - 11] and has 
been suggested as a key step in normal SC turnover. An inhomoge-
neity in lipid distribution in the SC is, therefore, implicated. 
Given the primary role of the SC, namely, barrier function, it is 
not surprising that previous research has been directed to answer the 
question of where, in the SC, the actual barrier resides. There have 
been claims that the "true barrier layer" is situated at the base of the 
SC [12,13]. This deduction is primarily based upon an interpreta-
tion of the. effect of sequential adhesive tape-stripping of the SC on 
transepidermal water loss. Others have analyzed this dependence 
more appropriately [1,14] and have come to the contrary conclusion 
that the barrier properties are more evenly distributed across the 
entire thickness of the sc. 
An improved understanding of the make-up of the SC barrier is of 
interest per se, and is relevant both to the design of percutaneous 
penetration enhancement strategy [15] and to the optimization of 
topical therapy for the treatment of damaged skin. The experiments 
in this paper are biophysical measurements of human SC in vivo. 
The technique of attenuated total-reflectance Fourier-transform in-
frared (ATR-FTIR) spectroscopy [16] has been used to examine 
certain features of the SC as a function of sequential tape-stripping. 
The properties of the intercellular lipids and the level of hydration 
have been studied. The results show that the SC is a non-uniform 
membrane, characterized by gradients of the measured properties. 
U sing the single procedure of ATR-FTIR spectroscopy, therefore, a 
gross structural model of the SC has been constructed on the basis of 
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the recorded observations. The model is consistent with basic SC 
morphology and it can account for the overall distribution of barrier 
function deduced by other experiments. 
MATERIALS AND METHODS 
Attenuated Total Reflectance-Fourier Transform Infrared 
Spectroscopy (ATR-FTIR) The application of ATR-FTIR to 
study the biophysical rroperties of the stratum corneum (SC) has 
been reported [17 - 19 . In contrast to classic transmission spectros-
copy, where the sample intercepts the path of the IR beam, in ATR 
the sample is placed on an IR transparent crystal, the geometry of 
w hich permits almost total internal reflection. Thus, the IR beam is 
directed to the crystal [the internal reflection element (IRE)], from 
which an evanescent wave exits and penetrates into the sample that 
is in contact with the IRE. The symmetric, trapezoidal geometry of 
the optics then guides the beam back to the detector of the spectro-
photometer. In this way, a spectrum of human SC in vivo can be 
obtained; the general features of the spectrum are identical to those 
observed in a transmission measurement using an excised sheet of 
the membrane [18]. 
In this study, an Analect FX-6200 Fourier-transform infrared 
spectrophotometer (Laser Precision Devices, Irvine, CAl was used 
to record the in vivo measurements. The spectrophotometer was 
equipped with an ATR accessory (Skin Analyzer, Spectra Tech, 
Stamford, CT), which supported a zinc sulfide IRE (7.5 X 1 X 
0.2 cm, with a 60 0 incident angle). This ATR configuration results 
in a penetration depth of the IR beam of approximately 2).lm [16}. 
All spectra reported were the average of 50 scans (requiring a data 
collection period of about 90 sec). Location of the IR absorbance-
peak maxima was determined to an accuracy of 0.1 cm- I using a 
center-of-gravity algorithm [20]. 
Experiments The goal of these studies was to examine the IR 
spectral properties of human SC in vivo as a function of position 
within the barrier. Because it is not technically possible at this time 
to focus the IR beam to different depths in the SC, the optically 
inaccessible layers were revealed by the acquisition of multiple spec-
tra during sequential tape-stripping of the membrane. 
The experimental subjects were h~alt~y volunteers .(ag~s 23-30 
years) with no history of dennatologlc dlse~se. The .skm sl~e exam-
ined was the ventral forearm; other than dally washmg, thiS regIOn 
of skin received no self-administered application of any topical prod-
uct (lotion, cream, emollient, etc.). 
At the beginning of the experiment, the skin site was cleaned by 
gentle wiping with dry Q-tips. An IR spectrum was then recorded. 
Using Scotch brand 600 transparent tape (3M, St. Paul, MN), the 
first tape-strip was removed from the SC. The. IR spectt;um was 
again recorded . This sequence was repeated for SIX tape-stnps. Sub-
sequently , spectra were recorded every two strips up to a total of 14. 
In all, therefore, 10 spectra plus the initial pre-treatment control 
were acquired. . . 
In a separate series of measurements on the same subJe~ts,. m 
order to quantify the amount of SC removed by the tape-stnppmg 
procedure, the pieces of tape used were weighed before and after 
stripping. 
Spectral Analysis FTIR spectra were collected in the frequency 
range 4400 - 400 Cln- I . The following features of the spectra, and 
the rationale for their evaluation, were examined as a function of 
tape-strip number: (al the frequency shift, and the bandwidth at 
half-height, of the C-H asymmetric stretching absorbance observed 
at approximately 2920 cm- I . The me~brane blO~hyslcs hterature 
[21,22] cOlltains many examples in winch permeablhty IS correlated 
with lipid disorder (in this context, disorder is correlated with the 
reciprocal of viscosity, and indicates the degree of freedom of mo-
tion of the lipid acyl side ;chains). Whereas the SC is not a simple 
biomembrane, a relationship between permeability and intercellular 
lipid disorder has been demonstrated [23,24]. IR spectroscopy can 
be used to report on biomembrane lipid ordering through the C-H 
stretching absorbances from the methylene groups of the lipid acyl 
chains. For example, as the degree of disorder of the lipid acyl chains 
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increases, the C-Hstretching absorbances undergo a blue shift, i .e~ 
shift to higher wavenumber [25,26) . It has been found that the C-H 
asy mmetric stretching absorbance is sensitive to these changes in • 
SC [26} , and the shift in the peak of this band has been used, th~ 
fore, to monitor lipid freedom in this study. Equally, the bandWl 
at half-height of the C-H stretching absorbance also reflects rh. 
relative lipid acyl chain ordering: the greater the disorder of the ag 
chains, i. e., the larger the number of gauche conformers [24- 26~ 
the greater the bandwidth. 
(b) The area under the C-H asymmetric stretching absorban 
(over the frequency range 2945-2875 cm- I ). The inte?rated in-
tensity (area under the curve) of an infrared absorbance IS du . 
proportional to the amount of the absorbing species [27,28) . Tht 
area under the C-H asymmetric stretching absorbance was com-
puted to report on the relative amount oflipid present as a functi 
of depth into the SC. Earlier work [29] has shown tha~ the C-R 
asymmetric stretching absorbance originates almost entuely fro 
the SC intercellular lipids. In ATR-IR, however, integrated in 
sity measurements are complicated by the fact that the intensity : 
an absorbance is related to the degree of contact established betweet: 
the sample (in this case, the forearm) and the IRE [16}: I~ vivo, it ·, 
very difficult to ensure reproducible contact both wlthm and be-
tween subjects. Consequently, to obtain meaningful results, a nor-
malization procedure was employed (Fig 1). With increasing co 
tact between sample and IRE, there is enhanced lig~t scatterin~. 
leading to an enhancement in the area between the sIgnal:md • 
baseline. This affects both areas A and B in Fig 1. The ratlo A 
however, is degree-of-contact independent, and this is the parame--
ter calculated. The relative nature of this quotient means, of count. 
that absolute measurements of the lipids as a function ofSC posin 
are not possible. Nevertheless, the proportional change with res 
to the level at the surface can be accurately deduced. 
(c) The frequency shift of the amide I (-1640 cm- I ) and amidell 
(- 1565 cm- I ) stretching absorbances [26,27]. The behavior ' 
these peak maxima report on the level of hydrogen bondin? of • 
amide linkages within the SC. They do not, however, dlStlllguis!: 
between the amide linkages in proteins (primarily k~ratin) an ' 
amide bonds in lipids (for example, ceramides). The allUde I com-
sponds to the catbonyl stretch in the -CO-NH- group. If I 
c=o bond is involved in increased hydrogen bonding, stretchin" 
is easier and the absorbance occurs at a lower wavenumber. O n rht 
other hand, the amide II absorbance reflects the amide N - H in-
plane bending mode. Now, if the amide hydrogen is influenced h 
increased H-bonding to an adjacent oxygen, e.g., from H20, ben 
in.g of the N - H bond becomes more difficult, resulting in a sh.ifr i:: 
the amide II absorbance to higher wavenumber. 
ii~i[lliII!~IIII,~~'lllilllll 
Wav&Dumb&r 
Figure 1. Normalization of an lR absorbance to permit relative quanti 
tion of the absorbing species corrected for variations in skin-IRE con (t 
The area above the dashed baselille is proportional to the amount of 
absorbing species. The area below tile lille is proportional to the degree of 
contact with the IRE, a variable which also impacts upon the IR absoro-"t 
above the lille. The ratio of areas (above:below) provides an appropriate, nortnll 
ized estimation of the relative amount of the absorbing species. 
VOL. 95, NO. 4 OCTOBER 1990 
(d) The area under the secondary 0 - H stretching (water) absorb-
ance at 2100 em-I . Potts et al [18] showed that the normalized area 
under the secondary O-H band centered around 2100 cm- l could 
be used to estimate the SC water concentration. The same procedure 
was employed in this work for the identical purpose. 
Statistical Analysis Weights of SC removed, and spectroscopic 
parameters determined, as a function of tape-strip number, were 
compared using a repeated measures analysis of variance (ANOV A, 
95% confidence limits), followed, if necessary, by Scheffe's F-test 
[30). 
RESULTS 
The spectral analyses undertaken in this work primarily focus upon 
the content and organization of the SC intercellular lipids, and the 
degree of hydrogen bonding (or hydration) as a function of position. 
Figure 2 shows the shift in the peak of the C-H asymmetric stretch-
ing absorbance as a function of tape-stripping. The control, no-strip 
(pre-treatment) measurement is assigned a shift of zero. Relative to 
this baseline, the maximum shift, on average, is approximately 
-2.5 em-I, that is , a decrease in frequency, which occurs after the 
remov~l of about four tape-strip. s. Subsequent stripping of the SC 
layers mduces no further significant changes in the v (C-H). The 
band-width at half-height of the C-H asymmetric stretching absorb-
ance demonstrates entirely comparable behavior (Fig 3), as ex-
pected. By way of comrarison, recent ATR-FTIR experiments 
from our laboratories [31 have shown that a penetration enhancer 
(oleic acid) causes a blue shift of approximately + 3 cm- l in the peak 
v (C-H), and, concomitantly, reduces the barrier function to drug 
penetration. The SC lipids were further examined by determining 
the relative amounts present as a function of depth into the mem-
brane (Fig 4) . Compared to the initial amount, there is a 60% reduc-
tion by the tim$( 4 strips have been removed; thereafter, there is a 
much less dramatic decline with tape-strip number. Hence, there 
are more, but less ordered, lipids near to the skin surface. 
The shifts in the peak frequencies of the amide I and amide II 
ahsorbances as a function of tape-stripping are shown in Fig 5. 
Relative to the base line (no strip) values, the amide I absorbance 
red-shifts (moves to lower wavenumber), whereas the amide II un-
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Figure 2. Frequency shift of the C-H asymmetric stretching absorbance as a 
function of tape-strip number (mean ± SD; n = 13). An analysis of variance 
followed by Scheffe's F-test shows that: (a) all frequency shifts are signifi-
candy different (p < 0.05) from the pre-tape-strip (no-strip) control; (b) the 
frequency shift after one tape-strip is significantly different (p < 0.05) from 
those after two through 14 tape-strips; (c) the frequency shift after two 
tape-srtips is significantly different (p < 0.05) from that after three tape-
strips; and (d) all other comparisons between frequency shifts as a function of 
tape-strip number are not significantly different (p > 0.05). 
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Figure 3. Bandwidth at half-height of the C-H asymmetric stretching 
absorbance (expressed as % of the baseline, no-strip bandwidth) as a function 
of tape-strip number (mean ± SD; n = 13). An analysis of variance followed 
by Scheffe's F-test shows that: (a) all bandwidths are significantly different 
(p < 0.05) from the pre - tape-strip (no strip) control; (b) the bandwidth after 
one tape-strip is significantly different (p < 0.05) from those after 2,4,5,10, 
12, and 14 tape-strips; (c) the bandwidth after 2 tape-strips is significantly 
different (p < 0.05) from that after 4 tape-strips; and (d) all other compari-
sons between bandwidths as a function of tape-strip number are not signifi-
cantly different (p > 0.05). 
dergoes a blue-shift (to higher wavenumber). Figure 6 reports the 
relative water content of the SC as a function of depth . As expected, 
as the number of tape-strips increases, the level ofsc hydration also 
increases, consistent with the results of Fig 5, which indicate pro-
gressively increasing H-bonding further and further into the SC 
(reflecting , presumably, therefore, the increasing availability of 
water) . However, statistical analysis of the data in Fig 6 reveals 
significant differences (p < 0.05) only between the measurements 
following (a) the no-strip control and tape-strips 2 through 14, and 
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Figure 4. Relative lipid content within the SC (expressed as' % of the 
baseline no-strip estimation) as a function of tape-strip number (mean ± SD; 
n = 13). An analysis of variance followed by Scheffe's F-test shows that: (a) 
all lipid contents are significantly different (p < 0.05) from the pre-tape-
strip (no-strip) control; (b) the lipid content after one tape-strip is signifi-
cantly different (p < 0.05) from those after two through 14 tape-strips; (e) 
the lipid content after two tape-strips is significantly different (p < 0.05) 
from that after four tape-strips; (d) the lipid content after three tape-strips is 
significantly different (p < 0.05) from that after four tape-strips; and (e) all 
other comparisons between lipid content as a function of tape-strip number 
are not significantly different (p ::> 0.05) . 
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Figure 5. Frequency shifts of the amide I and amide II absorbances as a 
function of tape-strip number (mean ± SD; n = 13). An analysis of variance 
followed by Scheffe's F-test shows that for the amide I shifts: (a) all fre-
quency shifts from four through 14 tape-strips are significantly different 
(p < 0.05) from the pre-tape-strip (no-strip) control; (b) the frequency shift 
after one tape-strip is significantly different (p < 0.05) from those after four 
through 14 tape-strips; (c) the frequency shift after two tape-strips is signifi-
q,ntly different (p < 0.05) from those after 12 and 14 tape-strips; and (d) all 
other comparisons between frequency shifts as a function of tape-strip num-
ber are not significantly different (p > 0.05). For the amide II shifts, (a) all 
frequency shifts from four through 14 tape-strips are significantly different 
(p < 0.05) from the pre -tape-strip (no-strip) control; and (b) all other com-
parisons between frequency shifts as a function of tape-strip number are not 
significantly different (p> 0.05) . 
DISCUSSION 
The literature has established the essential role of the intercellular 
lipids in SC barrier function [4,7,32] , and the hydration gradient 
across the SC (and its maintenance) is now recognized as a funda-
mental signal of the state (the health) of the barrier [7,32] . With 
respect to the latter, for example, recent work has shown how the 
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Figure 6. Relative water content within the SC (expressed as % of the 
baseline, no-strip estimation) as a function of tape-strip number (mean ± 
SD; n = 13). An analysis of variance followed by Scheffe's F-test shows that: 
(a) all water content values following two through 14 tape-strips are signifi-
cantly different (p < 0.05) from the pre-tape-strip (no-strip) control; (b) the 
water content after one tape-strip is significantly different (p < 0.05) from 
those after four 10, 12, and 14 tape-strips; (c) all other comparisons between 
water content as a function of tape-strip number are not significantly differ-
ent (p < 0.05). 
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quickly provokes lipid biosynthetic pathways in the epidermis 
[7,33] . 
The measurements in Fig 2 imply that, whereas the SC lipids are 
consistently (and well) ordered throughout the bulk of the mem-
brane, th e intercellular domains near the surface are significantly 
less structured. A possible deduction from these observations is that 
the outer SC layers represent somewhat less of a barrier than the 
interior. The "mortar" appears to be less sticky, a hypothesis sup-
ported by the fact that the outer layers are those which will desqua-
m ate in the near future. 
An explanation for the decreased amounts of lipids in the deeper 
layers (Fig 4) is that the lipids near the surface represent a mixture of 
true intercellular lipids and sebaceous lipids. Whereas the intercel-
lular lipids of the SC are expected to form ordered domains (and, 
indeed, do so in the deeper layers), sebaceous lipids contain large 
quantities of relatively low -melting-point fatty acids [9,34] . Be-
cause the sebaceous lipids are delivered to the skin surface, their 
impact on the order and composition of the overall SC lipid domain 
is attenuated quite quickly as one proceeds (through the sequential 
tape-stripping) into the membrane. Some support for this interpre-
tation of the data (Figs 2,3, and 4) is provided by the spectra in Fig 7. 
The shoulder (at -1740 cm- I ) on the amide I absorbance occurs at a 
frequency characteristic of the carbonyl stretching of the fatty-acid 
carboxylic functional group. The sequential spectra show that this 
absorbance is large when only a few layers of SC have been re-
moved, but diminishes to a small and relatively constant value by 
the time four or five tape-strips have been taken. 
The change in relative water content as a function of tape-strip 
number is small. Similar findings, also using ATR-IR, have been 
reported previously [35,36], although in these latter studies, water 
content was measured by the ratio of the amide I to amide II absorb-
ances. The value of these spectroscopic measurements has been 
called into question by the more recent work of Warner et al [37], 
who used electron-probe analysis to assess the water concentration 
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Figure 7. Sequential IR spectra recorded during progressive tape-stripping 
in the frequency range (1700-1850 em- I). The significant shoulder at 
1740 cm- I (a characteristic fatty acid absorption frequency) diminishes rap-
idly to a relatively small , constant value within the first few tape-strips. 
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in water content as a function of depth, and suggest that IR is 
probably not an ideal technique for the evaluation of relative water 
content within the SC. 
Before proceeding to the conc!usions that may be dr~wn from 
this work, it is appropriate to dISCUSS the potentIal artIfacts and 
limitations of the experimental procedures adopted. An obvIous 
series of questions pertains to the tape-stripping ~echniqu~: Is it 
reproducible? Does it.remove ~me cell-layer per stn~? Does It con-
taminate the spectralmformatIon subsequently obtamed due to re-
sidual adhesive remaining on the skin? With respect to the first two 
issues, we found that the cumulative weight per unit area of SC 
removed by the 14 tape-strips performed was.275 ± 25 .ug/C~2. A 
plot of cumulative SC weight removed per umt area as a functIOn of 
tape-strip number is shown in Fig 8. ;"~C?VA (p < 0.05) indicat~d 
that the weight ofSC removed per strIP IS mdependent of tape-strIp 
number. The average weight per unit area of SC removed by one 
tape-strip was 20 ± 5.ug/cm2. 
Fro= the above, we can deduce that the tape-strip procedure is 
quite reproducible. Previous methods have reported that the num-
ber of tape-strips necessary to remove the SC of the fle~o~ aspect of 
the forearm typically falls in the range 10 to 30 [38]. Similarly, the 
number ofsc cell-layers has been determined to be about the same. 
Thus, we may conclude that the tape-stripping procedure is indeed 
removing, on average, one SC layer per strip. The 14 strips taken in 
the experiments described here, therefore, must correspond to the 
removal of at least half of the SC, and more likely, to 75% or more 
removal. Based on this conclusion, and the published ranges of SC 
thickness on the flexor forearm (average 10 .urn) [39,40], we may 
calculate that we have tape-stripped to a depth of be~een 5 and 
8.um (ranging from, minimally, 3 - 7.um to, maXimally, 5-
12.u=). 
The adhesive tape used absorbs significantly in a region of the IR 
spectrum (2700 - 1800 cm- I ) where th~ SC is transparent. Cont~mi­
nation of the SC spectrum by the adheSive would be clearly obvIOus, 
therefore, were it to occur. However, no such absorbance was ob-
served in any of the recorded spectra, leading us to conclude that no 
IR-detectable residue remained on the SC surface post-stripping. 
The depth oflR beam penetration should also be remarked upon. 
First, the Sc spectra are not a pure reflection of the outermost layer. 
Indeed, they represent a weighted average over the outermost few 
layers. Nevertheless, the trends in the data and the general natu~e of 
the behavior deduced remain unchanged. Second, and potentIally 
more important, is the issue that, because skin hydration changes 
with SC position, so too does the refractive index (n) of the skin, 
o 2 4 6 8 10 12 14 16 
Tape-strip number 
Figure 8. Cumulative weight per unit area ofSC rem?ved by sequential 
tape-stripping (mean ± SD; n = 8). An analYSIS of vanance followed by 
Schdfe's F-test shows that the weight of the SC removed per stnp IS mdepen-
dent of the tape-strip number. 
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Figure 9. Schematic model of the SC based on the spectroscopic measure-
ments reported in this paper. 
and hence this will change the IR beam penetration depth [16]. The 
refractive index of dry, scaly SC is about 1.55 [41,42], whereas n of 
water is 1.33. The refractive index of SC in vivo is very likely, 
therefore, to fall in the range 1.33-1.55. If the maximum error is 
introduced into the calculation of beam penetration we use n(slcin) = 
1.33 instead of 1.55), the impact is less than a 20% correction, a 
factor which cannot significantly affect the deductions presented 
above. 
The results obtained support the schematic mode~ of the SC 
shown in Fig 9. There is a decrease in the amount of mt~rcellular 
lipid per layer as distance into the SC from the surface I~creases. 
Thus, the fractional volume occupied by the corneo~ytes mcreases 
with increasing depth. This may also be reflected m t.he greater 
anticipated hydration of the lower SC la~ers. t:he crud~ mt~rpreta­
tion of the SC in Fig 9 is consistent WIth microscoPIc hlsto.logy 
[43-45], which reveals dense cor~eocytes surrounded by relatIvely 
large amounts of lipid near the skm surf~ce, and larger corneocytes 
with smaller intercellular spaces deeper 111 the membrane. . 
In conclusion, therefore, this ATR-FTIR study has permItted a 
novel examination of the SC (in particular, the intercellular lipid 
domains and the degree of hydration) to be ~erformed i~ vivo .in 
humans. It appears that the SC barrier is not uniform acr?ss ItS entIre 
thickness: the outer few layers appear to be less coheSIve, .and the 
intercellular lipids more disordered, than the deeper, r.ema111d~r of 
the membrane. There is no evidence to support a s111gle, lugh-
resistance component responsible for the major part of barrier 
function. 
We tlrat/k our fearless voitltlteers, at/d tile advice at/d criticism of our colleagues it/ 
Caiifomia alld COllllectiCllt; ill partiClliar, we appreciate the it/pllt oj Drs. Robert 
Hillz, Vivien Mak, alld Michael Frallcoeur. 
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